In desert species, seasonal peaks in animal activity often correspond with times of higher rainfall. However, the underlying reason for such seasonality can be hard to discern because the rainy season is often associated with shifts in temperature as well as water and food availability. We used a combination of the natural climate pattern of the Sonoran Desert and periodic water supplementation to determine the extent to which water intake influenced both the behavioral ecology and the physiological ecology of a long-lived desert lizard, the Gila monster (Heloderma suspectum) (Cope 1869). Water-supplemented lizards had lower plasma osmolality (i.e., were more hydrated) and maintained urinary bladder water reserves better during seasonal drought than did control lizards. During seasonal drought, water-supplemented lizards were surface active a significantly greater proportion of time than were controls. This increased surface activity can lead to greater food acquisition for supplemental Gila monsters because tail volume (an index of caudal lipid stores) was significantly greater in supplemented lizards compared with controls in one of the two study years.
Water Supplementation Affects the Behavioral and Physiological

Ecology of Gila Monsters (Heloderma suspectum) in the Sonoran Desert Introduction
Rainfall is the dominant factor influencing biological productivity in hot arid environments (Noy-Meir 1973) . Rainfall affects many crucial processes in animals, including activity patterns (McClanahan 1967; Bigler 1974; Peterson 1996b; Duda et al. 1999 ) and reproduction (Sullivan and Fernandez 1999; Grant et al. 2000; Chesson et al. 2004; Small et al. 2007; Shine and Brown 2008) . Rainfall also influences long-term processes, including population and community structures of animals, by improving resource availability and body condition before mating and during mating and juvenile development, which can increase recruitment long after specific rainfall events (Chesson et al. 2004; Langlands et al. 2006; Madsen et al. 2006; ChamailleJammes et al. 2007 ). Because rainfall affects environmental conditions in many ways, it may be difficult to discern whether behavioral and physiological responses to rainfall observed in nature are attributable to water intake or to indirect effects, including, but not limited to, greater food availability.
Supplemental feeding studies have clarified mechanisms underlying the physiology and ecology of invertebrates (Kreiter and Wise 2001; Pelletier and McNeill 2003) , birds (Boutin 1990; Schoech and Hahn 2007; Schoech et al. 2008) , mammals (Banks and Dickman 2000; Meserve 2003; Orland and Kelt 2007) , and reptiles (Dunham 1978; Eifler 1996; Blouin-Demers and Weatherhead 2001; Taylor et al. 2005) . Despite recent evidence that hydric conditions influence body temperature (T b ) and activity patterns of reptiles (Daltry et al. 1998; Lorenzon et al. 1999; Ladyman and Bradshaw 2003) , few empirical studies have tested mechanisms by which limited water intake, independent of food availability, affects activity patterns, body condition, and reproduction. Notably, water supplementation of the temperate-zone sagebrush lizard (Sceloporus graciosus) in the laboratory had no effect on growth rate (Sears and Angilletta 2003) ; yet, laboratory and field-water supplementation studies of the tropical lizard Anolis aeneus increased growth rate (Stamps and Tanaka 1981) . These conflicting results may be attributed to differences in study design because Sceloporus were held at a constant temperature and Anolis were allowed to thermoregulate in the laboratory and were also studied in the field, which likely enabled lizards to maintain higher temperatures and grow faster (Sears and Angilletta 2003) . Water supplementation also benefitted desert tortoise (Gopherus agassizii) conservation efforts (Field et al. 2007 ), increased clutch size in wild sparrows (Coe and Rotenberry 2003) , and increased growth rate in crickets (McCluney and Date 2008) . Clearly, field studies that combine water supplementation of individuals in nature with integrative assessments of body condition and activity patterns are needed to clarify direct effects of water intake.
The Gila monster (Heloderma suspectum) is a large (adult body mass p 350-700 g and snout-to-vent length p 260-360 mm), long-lived (120 yr), and venomous lizard (Beck 2005) especially suitable for water supplementation and integrative behavioral and physiological studies for several reasons. Gila monsters experience limited and seasonal water and food availability because the species is geographically distributed predominantly in the Sonoran Desert of Arizona and Mexico, with populations extending slightly into adjacent deserts (Beck 2005) . In nature, Gila monsters use shelters extensively (Lowe et al. 1986; Beck 1990; Beck and Jennings 2003) , store energy caudally (Bogert and Martín del Campo 1956; Beck 2005) , have an unusually low resting metabolic rate (Beck and Lowe 1994) , and store water in the urinary bladder DeNardo 2007, 2008) . Nevertheless, seasonal drought conditions are associated with decreased surface activity and significant decreases in body water (i.e., decreased hydration and stored water) and body conditions (i.e., body mass and tail volume); the latter may reduce reproductive output in the capital breeding Gila monster (Davis and DeNardo 2010) . Notably, Gila monsters respond strongly to rainfall during the active season by increasing activity and drinking copious amounts of water from puddles. Gila monsters can consume 9%-22% (36-75 mL) of their body mass in a single drinking bout DeNardo 2007, 2008) , and much of this water (up to 60 mL; J. R. Davis and D. F. DeNardo, unpublished data) can be stored in the urinary bladder. However, it is unknown whether water intake is a proximate mechanism that directly influences surface activity patterns and thus body condition of Gila monster lizards in nature. We examined the effects of water intake, independent of food availability, on surface activity patterns and body condition by providing supplemental water monthly to free-ranging Gila monsters in the Sonoran Desert. We predicted that, compared with control lizards, lizards receiving supplemental water would maintain better hydric conditions and be surface active a greater proportion of time, especially during periods of drought. Because Gila monsters are active foragers, we also predicted that increased surface activity would result in better body condition.
Material and Methods
Study Site and Weather Conditions
The study was conducted during two Gila monster activity seasons (April-September 2005 and ) at a previously described (Davis and DeNardo 2010) undeveloped 3-km 2 area located in the Arizona Upland subdivision of the Sonoran Desert in Pinal County, Arizona (32Њ36ЈN, 111Њ07ЈW, 800-1,100 m elevation). A heterogeneous matrix of Sonoran Desert plants covers the sandy plain, which is intersected by intermittent washes. Numerous mammal burrows that provide important subterranean refugia for Gila monsters (Beck 1990; Beck and Jennings 2003; Gallardo 2003) are distributed across the study site.
We recorded rainfall (≥2 mm), using an automated rainfall gauge (model RG3-M, Onset Computer, Bourne, MA) left continuously in the field, and air temperature (T air ; ‫2.0ע‬ЊC) hourly, using an automated temperature logger (StowAway Tidbit, Onset Computer) placed at a central location at the site. We reduced direct solar irradiation of the temperature logger by shading the logger in an uncapped PVC tube suspended vertically from a tree branch 1 m above the ground. We were unable to collect rainfall data at the field site during 2005 because of problems with the rainfall gauge; thus, we obtained rainfall data from the nearest National Climate Data Center's (NCDC) Picacho, Arizona, climate station (32Њ39ЈN, 111Њ24ЈW, 557 m; COOP 026513) located 25 km west of the field site. The NCDC Picacho rainfall data from 2005 are likely a reasonable representation of rainfall at our field site because 2006 weekly rainfall amounts we recorded at our field site are similar to the 2006 NCDC Picacho data.
We calculated weekly precipitation, total active season precipitation (mid-March through September), monsoon precipitation (mid-July through mid-September), and proportion of precipitation attributable to the monsoon each year. We used hourly T air to calculate weekly mean daily maximum and minimum T air .
Samples Sizes and Radiotelemetry
This research was conducted in accordance with the Arizona State University (ASU) Institutional Animal Care and Use Committee policies (IACUC protocol 01-671R) under Arizona Game and Fish Department scientific collection permits SP683420 and SP739769. We used 23 (11M : 12F) adult Gila monsters collected from the field site and implanted with radiotransmitters (13 g model SI-2, Holohil Systems, Carp, Ontario) at various times of capture for this and previous studies (Davis and DeNardo 2010) . Radiotransmitters were replaced as needed based on battery life (24 mo) at either the beginning or the end of the active seasons. In late March 2005, all Gila monsters were collected and transported to the laboratory at ASU, where a miniature temperature logger (Thermochron iButton, model DS1922L, Maxim, Dallas) was surgically implanted into the intracoelomic cavity of each lizard using methods similar to those used previously for rattlesnakes (Taylor et al. 2004) . After surgery, but before recovery from anesthesia, we collected body condition measures (see below) and then returned lizards to their site of capture within 48 h of surgery. We studied 21 of the same lizards in 2006, and because two lizards were lost during 2005 because of premature radiotransmitter failure, we also added three new lizards in 2006 (12M : 12F).
We located Gila monsters approximately weekly during both active seasons (April 1-September 1). To increase the likelihood of locating all individuals on the surface for water supplementation and body condition measurements (see below), we substantially increased radiotelemetry efforts during the first week each month and focused efforts on diel Gila monster activity periods determined previously (Davis and DeNardo 2010) .
Water Supplementation and Hydric Condition
We separately assigned males and females to either a watersupplemented (WTR) or control (CON) treatment group using a random-number generator. In 2005, six males and six females were designated as WTR, and five males and six females were used in the CON group. In 2006, seven males and six females were designated as WTR, and five males and six females were CON. To supplement hydric conditions of WTR lizards, we exploited two key aspects of the Gila monsters' physiology: (1) water introduced into the stomach of Gila monsters by way of an intragastric tube is rapidly absorbed into circulation (Davis and DeNardo 2007) and (2) Gila monsters use their bladder as a water reservoir and thus can store significant quantities of water (Davis and DeNardo 2007) . In both years, we administered experimental treatments to each lizard once during an approximately 7-d processing period at the beginning of each month from May to August. We used a 60-mL syringe and an intragastric tube to introduce 50 mL (approximately 10%-15% of body mass) of tap water (28 mOSm/kg) into the stomach of WTR lizards and to provide a sham treatment (intubation without water) to CON lizards. Although we could not control the access of animals to natural water resources, such resources are very rare during the seasonal drought. Thus, our treatment likely increased the water intake of WTR lizards compared with CON lizards, especially during periods when water was naturally constrained.
We assessed two aspects of the lizards' hydric condition during processing periods at the beginning of each month (AprilSeptember) in 2005 and 2006. All measurements were made before water supplementation to avoid confounding effects on bladder condition, plasma osmolality, and body mass (see below). First, we used portable ultrasonography (Concept/MLV, Dynamic Imaging, Livingston, Scotland) to determine when water was stored in the urinary bladder and available to lizards and then calculated the proportion of lizards that had bladder water each month. Second, we used plasma osmolality (mOsm/ kg) as an indicator of hydration state to determine whether water supplementation reduced or eliminated dehydration in WTR lizards compared with CON lizards. To measure osmolality, we collected 0.2 mL of blood from the caudal vein of each lizard using a heparinized 1-mL syringe. We stored samples in 1-mL screw-top vials in a cooler until transported back to the laboratory. There, we separated plasma from whole blood using centrifugation and froze samples at Ϫ80ЊC until analyzed in triplicate using a vapor pressure osmometer ‫6ע(‬ mOsm/ kg; model 5500xr, Wescor, Logan, UT) and previously described calibration and analytical procedures (Davis and DeNardo 2007) .
Surface Activity Estimates
During 2005 and 2006, we used the hourly data from the surgically implanted temperature loggers to estimate surface activity patterns of each Gila monster. These temperature loggers are small (6 mm thick and 17.4 mm in diameter), lightweight (3.1 g), precise (‫5.0ע‬ЊC), and they can record temperatures at user-selected intervals (Angilletta and Krochmal 2003). Moreover, these temperature loggers collect up to 8,192 data points semicontinuously (i.e., at regular intervals), which eliminates observer biases associated with traditional T b and activity data assessments (Taylor et al. 2004 We used temperature-based activity estimation (TBAE), which relies on a simple comparison of synchronized T air and T b data, to estimate surface activity and refuge use patterns of WTR and CON lizards. TBAE correctly predicts Gila monsters' locations (surface active or in a refuge) 195% of the time (Davis et al. 2008) . Using TBAE, we calculated the proportion of hours that individual lizards were surface active (number of hours on surface/total available hours) each week and determined the timing of activity (i.e., diurnal, crepuscular, nocturnal).
Body Condition
We collected these data primarily in the field during the monthly processing periods when we used radiotelemetry to locate Gila monsters on the surface. However, we collected data from lizards three times in the laboratory when lizards were brought to ASU for radiotransmitter and temperature logger implantation (late March 2005) and temperature logger exchange (September 2005 and . We measured body mass ‫1.0ע(‬ g) in the laboratory with an electronic scale (Acculab GS-2001, Edgewood, NY) while lizards were anesthetized to improve measurement accuracy. We measured body mass ‫01ע(‬ g) in the field using a 1,000-g-capacity spring scale (Pesola, Switzerland). Because body mass can vary drastically (15%-35%) between serial samples in Gila monsters as a result of feeding (Beck 1990) , drinking DeNardo 2007, 2008) , reproduction (Beck 2005) , or defecation, we also measured tail volume ‫1ע(‬ mL) using water displacement. We submerged each lizard's entire tail up to the vent in a 100-mL graduated cylinder filled with water and then measured the volume of water displaced by using another graduated cylinder to refill the cylinder. Tail volume provides an effective index of stored energy because Gila monsters store energy reserves caudally (Bogert and Martín del Campo 1956; Beck 2005) and tail volume is not influenced by fecal elimination or water intake (Davis and DeNardo 2007) .
Statistical Analyses
We determined whether data met assumptions of parametric tests before statistical inference and log 10 -transformed data when necessary before analyses using JMP IN (ver. 5.1, SAS Institute, Cary, NC) and SAS (ver. 8.1, SAS Institute). Values in figures are back transformed and means ‫ע‬ 1 SE are plotted; unless corrected as indicated for multiple comparia p 0.05 sons. We used Student's t-tests to determine whether random assignment of WTR and CON treatment groups resulted in initial differences in plasma osmolality, body mass, or tail volume in 2005 and 2006. Gila monsters are secretive lizards and spend up to 95% of the time in shelters (Beck 1990 (Littell et al. 1996) to perform repeated-measures ANOVA (RMANOVA). We assessed the effectiveness of water supplementation in reducing seasonal dehydration each year using RMANOVA with treatment as the between-subjects factor, time as the within-subjects factor, and plasma osmolality as the dependent variable. We also analyzed surface activity using RMANOVA with sex and treatment as between-subjects factors, time as the within-subjects factor, and surface activity as the dependent variable. Sex was included in the model because males and females differ in surface activity during portions of the active season (Davis and DeNardo 2010) . We analyzed body mass and tail volume using RMANOVA with treatment as between-subjects factors, time as the within-subjects factor, and body mass and tail volume as the dependent variables. For all analyses, Mauchly's criterion for sphericity was violated, so we applied a Greenhouse-Geisser correction before interpretation (Zar 1999) . We used Tukey-Kramer tests (adjusted for experiment-wise Type I error rate;
) post hoc to identify a p 0.05/N significant differences in plasma osmolality, surface activity, body mass, and tail volume between treatments during each sampling period.
Results
Weather Conditions
Rainfall was variable, seasonal, and relatively low during the Gila monster active seasons. In 2005, total active season rainfall was only 160.8 mm; however, the seasonal drought (i.e., the number of consecutive weeks that total rainfall !5 mm) was not extensive because of unusual late May and June rainfall. Drought was limited to 5-6 wk before the reliable summer monsoon produced 77% of the total rainfall in just 7 wk (Fig.  1A) . In 2006, total active season rainfall was much greater (226 mm) than that in 2005, with 87% of the total occurring at the end of June, the beginning of July, and during the monsoon. However, the seasonal drought was prolonged to 12 wk because no spring rains occurred (Fig. 1B) . In both years, spring (midMarch to mid-May) air temperatures were relatively cool (weekly mean minimum and maximum and T p 6Њ-16ЊC air 20Њ-30ЊC, respectively) but then increased substantially (weekly mean minimum and maximum and 31Њ-42ЊC, T p 15Њ-26ЊC air respectively) and remained stable and elevated throughout the active season (late May to mid-September; Fig. 1 (Minnich 1976; Shoemaker and Nagy 1977) , including hydrated Gila monsters (Davis and DeNardo 2007) . Water supplementation improved the hydric condition of Gila monsters during both years. The proportion of WTR lizards that had fluid in the urinary bladder was greater than that of CON lizards in every month except April 2005 and April, August, and September 2006 ( Fig. 2A, 2C) . Notably, WTR lizards always had fluid in the urinary bladder. WTR lizards remained hydrated; that is, they maintained plasma osmolality near the April value, throughout both active seasons, whereas CON lizards became significantly dehydrated during July and September 2005 and June and July 2006 (Fig. 2B, 2D ). In 2005, the RMANOVA model detected significant time ( , F p 4.1 P p 3, 16 ) and treatment ( , ) effects, but sex 0.025 F p 10.4 P p 0.005 1, 16 and the sex-by-treatment interaction were not significant ( ; Fig. 2B ). Similarly, in 2006, the time ( , P 1 0.24 F p 6.9 3, 7 significant, and sex and the treatment-by-sex interaction were not ( ; Fig. 2D ). Post hoc analyses indicated that plasma P 1 0.5 osmolality of WTR lizards was significantly lower compared with that of CON lizards in July 2005 and June and July 2006 (Fig. 2B, 2D ).
Surface Activity
Gila monsters were surface active in this study a total of 14.2% of all hours during the active season in 2005 and 13.0% in 2006. In 2005, Gila monsters were surface active most in April (17.9% of all hours in the month) and August (21.7%), with the low occurring in June (7.3%; Fig. 3A Fig. 3 ). Post hoc tests revealed that males were active significantly more than females only during portions of the mating season (May to mid-June), and WTR lizards were more active than CON lizards when seasonal activity was lowest (Fig. 3) . All Gila monsters demonstrated a seasonal shift in the timing of surface activity from diurnal in April to late-afternoon crepuscular (1600-2200 hours) in early May to predominantly nocturnal (2000-0600 hours) for the duration of the hot active season (June to mid-September). In general, surface activity followed a seasonal pattern similar to that of rainfall. However, WTR lizards were significantly more active than CON lizards during the periods of lowest activity when plasma osmolality was lower in WTR compared with CON animals. Values shown are weekly means ‫ע‬ 1 SE, an asterisk indicates significant differences between treatments, and a plus sign indicates sampling periods when there were significant differences between sexes (sex differences not depicted in the figure; P ! ). t p Ϫ1.85 P p 0.08 no significant effects of time, treatment, or any interactions on body mass (all ), indicating that body mass remained P 1 0.06 relatively stable across the active seasons (Fig. 4) . Similarly, in 2005, there were no significant effects of time, treatment, or any interaction terms on tail volume (all ; Fig. 5A ). In P 1 0.20 2006, there was also no time effect on tail volume ( ), P p 0.15 but the treatment ( , ) and treatment-by-F p 4.08 P ! 0.035 1, 11 time interaction ( , ) terms were signifi-F p 3.66 P p 0.028 1, 11 cant. Despite similar initial tail volumes, post hoc analyses identified differences between treatment groups in tail volume by June because WTR lizards maintained tail volume during the active season while CON lizard tail volume decreased significantly (Fig. 5B) .
Body Condition
Discussion
Providing supplemental water to individual lizards demonstrated that water intake can directly influence behavior and, in turn, body condition of free-living animals. Specifically, WTR Gila monsters maintained lower plasma osmolality and consistently had fluid reserves in the urinary bladder compared with CON lizards, which had increased osmolality and typically no bladder fluid during the hottest and driest times of the year (Fig. 2) . Indeed, plasma osmolality and bladder condition of CON lizards in this study were similar to those of Gila monsters studied at the same field site during a more severe seasonal drought in 2004 (Davis and DeNardo 2010) . Hydric condition influenced the proportion of time that lizards were surface active because the more hydrated WTR lizards were surface active significantly more of the time than dehydrated CON lizards at times when plasma osmolality differed significantly (Fig. 3) . Finally, although body mass did not differ, the more active WTR lizards were able to maintain tail volume (caudal energy stores) throughout the active season. In contrast, less active CON lizards endured significant decreases in tail volume (Fig. 5) . Thus, Gila monsters in this study responded to seasonal dehydration by decreasing surface activity, which in turn limited foraging opportunities at a short-term cost to energy stores. Similar patterns of behavioral adjustments and endurance of significant perturbations in physiological conditions have been described for archetypical desert species, including the desert tortoise (Gopherus agassizii ; Peterson 1996b; Henen et al. 1998 ) and Couch's spadefoot toad Scaphiopus couchii (McClanahan 1967) ; however, such long-term responses to water intake have not been previously documented in lizards to our knowledge.
Surface activity of Gila monsters at our study site is clearly influenced by both the reproductive season and water intake. Throughout their distribution, male Gila monsters search great distances to locate potential mates (Beck 2005) , and activity peaked during the reproduction season between late April and mid-June in a New Mexico population (Beck and Jennings 2003) . Our data are in agreement with this finding and indicate that males, regardless of treatment group, were more active than females during this time (Fig. 3) . Our results indicate that rainfall has a more pronounced effect across the population because surface activity of males and females peaks during the rainy monsoon season ( Fig. 3 ; Davis and DeNardo 2010) . Moreover, Gila monsters emerge from shelters immediately in response to monsoon rainfall and, as documented in G. agassizii (Nagy and Medica 1986; Peterson 1996a Peterson , 1996b , will drink copiously from pools that form (J. Davis, personal observation). Gila monsters can rapidly rehydrate following one drink (Davis and DeNardo 2007) , and this behavior provides a clear osmoregulatory benefit in nature as evidenced by the decrease in plasma osmolality and replenishment of urinary bladder fluid following rains ( Fig. 2 ; Davis and DeNardo 2010) .
The specific hydric benefits that CON lizards received because of reduced surface activity are less clear and were not measured in this study. Decreased activity levels have been correlated with hydric constraints in other reptiles (Sexton and Heatwole 1968; Dmi'el 1972; Stamps and Tanaka 1981; Henen et al. 1998) , as well as mammals (Reichman and Van de Graaf 1973; Waser 1975; Degen 1997) and invertebrates (Polis 1990; Ward and Slowtow 1991; Eisen et al. 2002) . This relationship is often explained as a water conservation strategy because evaporative water loss (EWL) increases with increased T b , metabolism, respiration, and locomotion (Minnich 1976; Mautz 1982; Banta 2003) . Gila monsters likely benefit hydrically from reduced activity because they can select hydrically and thermally favorable shelters (Beck and Jennings 2003) , which allows them to avoid , which significantly increase EWL (De-T 's 1 35ЊC b Nardo et al. 2004) . Moreover, shelter use also reduces energy expenditure and reduces predation risk. Notably, activity estimates for WTR (15%) and CON (12%) lizards in this study were comparable to previous estimates for the population (17%; Davis and DeNardo 2010) but were considerably greater than estimates (3%-5%) for conspecifics in the Chihuahuan and Mojave Deserts (Beck 1990 (Beck , 2005 . The differences may be explained by several factors, including differences in data collection techniques, extensive nocturnal activity in our study population, and the influence of the monsoon rains ( Fig. 3 ; Davis and DeNardo 2010) .
Our data provide partial support for the hypothesis that water intake can directly influence surface activity patterns, and thus body condition, in nature. We predicted that more active lizards (WTR) would benefit from more foraging opportunities and thus would remain in better body condition than less active lizards (CON). Body mass of WTR and CON Gila monsters did not differ significantly during the study, perhaps because body mass can vary significantly (15%-35%) in this species following a meal (Beck 1990) , drink (Davis and DeNardo 2007) , reproduction (Beck 2005) , or defecation. Indeed, the body mass of individual Gila monsters in this study changed 25.4% ‫ע‬ (range p 10%-41%) in 2005 and 1.9% 20.6% ‫ע‬ 2.5% (range p 1%-46%) in 2006, which may be explained by observed variation in urinary bladder fluid ( Fig. 2A, 2D) . Tail volume provides a less variable index of body condition because these lizards are known to store fat, but not water, in their tail (Bogert and Martin del Campo 1956; Davis and DeNardo 2007) . Tail volume did not differ between WTR and CON lizards in 2005. However, tail volume of WTR lizards was significantly greater than that of CON lizards from June to August 2006, which suggests that increased activity allowed WTR lizards to locate more prey than CON lizards, thereby benefitting body condition of WTR lizards.
Field and laboratory studies examining the effects of variation in water availability or direct water supplementation on the body condition of other species have yielded mixed results as well. For example, growth rates of two tropical Anolis lizards in the field are higher in the wet season than in the dry season, even when food and thermal conditions are similar (Stamps . However, supplemental water produced no changes in growth of Sceloporus undulatus in the field, even though activity was increased (Jones et al. 1987) . Laboratory experiments have shown that lizards with unrestricted water grow faster than those with limited access to water (Stamps and Tanaka 1981; Lorenzon et al. 1999 ), yet others have failed to demonstrate a significant difference in growth between water-supplemented and water-restricted lizards (Sears and Angilletta 2003) . Similarly, supplemental water positively affects body mass or fat stores of other vertebrates (Kam and Degen 1994; El-Bakry et al. 1999 ) and invertebrates (Ward and Slowtow 1991; Floater 1997; McCluney and Date 2008) yet may have no effect on body mass in others (Ghosh 1975; Yahr and Kessler 1975) .
Conclusions and Prospectus for Future Research Directions
Understanding how climatic variation affects the physiology, behavior, and, ultimately, population structure of animals is critical when considered in light of the substantial effects that climate change and urbanization are having on resource availability worldwide. Our data contribute to this understanding by identifying mechanistic relationships between water intake, hydric condition, behavior, and body condition in a long-lived desert lizard. As we continue to recognize patterns and mechanisms of change associated with these global phenomena (Shochat et al. 2006) , the integrative hypothesis-driven approach of conservation physiology (Tracy et al. 2006; Wikelski and Cooke 2006) will be useful in clarifying the physiological mechanisms underlying conservation issues.
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